We examined the effects of dietary fat as cottonseed, fatty acids. or calcium soaps of fatty acids in the rations of high yielding lactating cows receiving low forage. Experiments were with isoenergetic, isonitrogenous diets containing equal amounts of forage. Inclusion of up to 510 gld of fatty acids in the ration enhanced FCM yield. With cottonseed, increased FCM was mainly due to increased fat yield. Dietary fatty acids tended to increase milk in mid and late lactation and to decrease fat percentage. Calcium soaps of fatty acids enhanced FCM, particularly in early lactation. Feeding cottonseed and fatty acids together did not enhance yield. Effects described may be attributed in part to changes in ruminal fermentation in which cottonseed increased acetate concentrations and fatty acids decreased the ratio of acetate and butyrate to propionate and in part to enhanced efficiency of milk yield when fat was included in the ration. (Key words: fatty acids, calcium soaps. cottonseed, milk yield) Abbreviation key: CSFA =calcium soaps of fatty acids.
INTRODUCTION
.The inclusion of fat in diets of high yielding darry cows would be expected to increase en- ergy intake during the period of negative energy balance and to increase the biochemical efficiency of milk yield (3, 9) . Feeding high yielding cows diets containing high amounts of added fat depresses ruminal cellulolytic fermentation (11) . Thus, responses of lactating cows to fat feeding have been somewhat inconsistent, varying with type and level of fat fed; milk fat percentage and yield often were depressed (11, 18. 20) . However. milk yield often has been increased by inclusion of fat in the diet, and FCM also may be enhanced (5, 12, 19) . In contrast, inclusion of cottonseed does not negatively affect fat yield; the opposite usually occurs: fat percentages and often milk yield are enhanced (2, 6. 7, 17) .
Ruminally inert fats have been developed that avoid the negative effects of added fatty acids or triglycerides in the rumen. With use of those fats, energy density of rations can be increased without depression of ruminal cellulolytic activity (4, 16) .
The objective of this study was to clarify the effects and interactions of fatty acids, cottonseed, and ruminally inert fat in diets for high yielding dairy cows fed low forage rations.
MATERIALS AND METHODS
All equipments were carried out with isoenergetic, isonitrogenous diets containing identical amounts of forage fed for ad libitum intake as a TMR on four different farms. In some diets, fatty acids, calcium soaps of fatty acids (CSFA), or cottonseed were added to the ration. and NEL was equalized by varying components of the concentrate. Details of the number of cows, DIM, and duration of experiments are in Table 1. and diet composition and  analysis are in Tables 2, 3 . 4, and 5. Cows were multiparous only, except in Experiment 1 in which both primiparous and multiparous cows were used. Cottonseed contained 19.3 to 21.1 % fat, and free fatty acid source used was I  61  93  39  120  2  59  70  42  140  3  65  108  51  120  4  67  145  56  90 mixed soapstock contammg 86% free fatty acids, of which 20% were linoleic acid. Cows were blocked by lactation, DIM, and preexperimental milk yield from two milk samples taken 2 and 4 wk before cows were blocked.
Experiment 1
The objective of this experiment was to compare the effects of CSFA added at 2% of the ration. The treatments were no added fat, .43 kg/d of fatty acids, or .5 kg/d of CSFA (based on palm oil fatty acids, Adolac®; Koffolk, Petach Tikva, Israel) per cow in the Experiment 2 was designed to examine the effect of fat from cottonseed. The diets contained either no supplemental fat (control), 3.5 kg/d of cottonseed, or .51 kg/d of free fatty acids plus cottonseed hulls and cottonseed meal. Composition of the rations is shown in Table 3 .
The objective of this experiment was to compare cottonseed with fatty acids and CSFA at 1.8% of the ration. Fat was fed in diets providing 2.8 kg/d of cottonseed, .36 kg/d of fatty acids, or .42 kg/d of CSFA (Koffolk) to cows. Composition of the diets is given in Table 4 .
ExperIment 4
This experiment was to examine the effect of adding free fatty acids to cottonseed. Both FCM = (.432 + .1625 x percentage of milk fat) x kilograms of milk.
Continuous variables were analyzed by ANOVA using the general linear models procedures of SAS (13) . The model used in all experiments was ously described (15) .
Milk quantity was determined at 2-wk intervals, and composite 24-h samples were taken for fat, protein, and lactose determination by infrared analysis.
Fat-corrected milk (3.5%) was calculated as follows: diets contained 3.7 kgJd of cottonseed; one contained no additional fatty acids, whereas the other included .3 kgJd of fatty acids. Ration composition is summarized in Table 5 .
Experimental Procedures
Protein, ADF, calcium, and phosphorus were determined in feeds by standard methods (I) every 2 wk throughout the experiment. Fat was determined as fatty acids after acid hydrolysis as previously described (14) . The NEL was calculated from NRC (10) .
In all experiments, cows were fed for ad libitum intake in groups, all cows in the pen participated in the experiment. feed was weighed and distributed twice daily, and weighbacks were collected and weighed before the next feed distribution. Ruminal fluid was sampled once from cows 130 to 160 dafter calving by stomach tube, 4 h after morning feeding. Samples were cooled immediately and stored at -20'C until VFA concentration was determined by gas chromatography as previ- 
RESULTS
Least squares means and adjusted standard errors are presented in the tables.
Experiment 1
A diet with fatty acids or CSFA was compared with a diet with no added fat. Feed ",b,CMeans in columns not followed by the same letter differ (P < .05).
lCalcium soaps of fatty acids.
CSFA. Yield with DIM is shown in Figure 1 , and the interaction of diet with time was significant. Thus, Interaction between diet and parity was significant for all yield parameters tested ( Table   6 ). Yields of milk, fat, and FCM increased more from CSFA and fatty acids in primiparous cows than in multiparous cows (Table 7) .
Experiment 2
A control ration with no cottonseed was compared with a ration containing cottonseed or a ration containing fatty acids, cottonseed hulls, and cottonseed meal. Average DMI did not differ and were 21.4 kgld for control cows, 21.8 kgld for cows fed fatty acids, and 22.1 kg! d for cows fed cottonseed diets. Effect of diet on overall milk or protein yield was nonsignificant. Fat percentage, fat yield (not shown), a,b,cMeans in column not followed by the same letter differ (P < .05). (Table 9 ) compared with dietary cottonseed, but neither differed from CSFA. However, no overall differences in FCM were significant among the three treatments because of decreased fat percentage in cows fed fatty acids. Yield with DIM ( Figure 3 ) revealed significant interactions of milk and FCM yield with DIM. Cows fed fatty acids yielded more milk than those fed cottonseed in both early and late lactation; cows fed CSFA yielded amounts of milk similar to those fed cottonseed in early lactation but with lower fat percentage and higher milk yield in late lactation. Differences in FCM and milk protein were not significant.
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and FCM yield were enhanced throughout lactation with dietary cottonseed compared with the control diet (Table 8) . Yield with DIM is shown in Figure 2 ; the interaction of diet and DIM is demonstrated clearly. Examination of yields before and after 150 DIM showed that milk and FCM yields were higher in late lactation in cows fed fatty acids.
The effect of fat addition to a ration containing cottonseed was examined. Average DM! were 21.5 kg/d for cows fed cottonseed and 21.0 kg/d for those fed cottonseed with added fatty acids. Yield of FCM and protein percentage were depressed overall in cows fed added fatty acids (Table 10 ). Yield by DIM is shown in Figure 4 ; the interaction of diet with • DIM was significant for milk and FCM yields. Yields of milk and FCM decreased in early lactation, but not in late lactation, for cows fed cottonseed plus fatty acids compared with cows fed cottonseed alone (Table 10 ).
All Experiments
Examination of milk composition in these experiments showed that milk lactose concentrations were not influenced by dietary treatments. Ruminal VFA were examined once in each experiment (Table 11) . In experiment 1, fatty acid or CSFA diets increased the C2 plus C4:C3 ratio compared with diets without added fat. although changes in the individual VFA were not significant. Both fat-containing rations had more ADF, which was from different sources than the control ration, and this may TABLE 10 . Overall, early, and late lactation yield data, Experiment 4. .4
•.bMeans in columns not followed by the same letter differ (P < .05).
have influenced fermentative patterns. A similar situation existed for ADF content in Experiment 2. The cottonseed diet increased the C2 plus C4:C3 ration and also the acetic acid proportions. In Experiment 3, no differences in VFA patterns were significant. Cottonseed fed with added fatty acids in Experiment 4 depressed the acetic acid proportion and the C2 plus C4:C3 ratio compared with cottonseed fed alone. However, the fatty acid plus cottonseed ration also contained slightly more ADF.
DISCUSSION
Fat was added to low fiber rations of dairy cows in one of three forms: free fatty acids, CSFA, or cottonseed. Lipids in different dietary forms increased FCM yield compared with yield from diets without added fat. However, responses differed with the various forms of fat. From previous reports (11, 19) , fat added as fatty acids at high levels was expected to enhance milk yields but to decrease milk fat percentage, possibly by influencing ruminal fermentation. In contrast, fat fed as whole cottonseed often increased milk yield as well as fat percentage (6, 8) .
Because diets were isoenergetic, the nonforage ingredients in the rations differed. This resulted in differing ADF content and sources that may, in addition to the fat effects, have contributed to some of the changes in ruminal fermentation. This may be significant in light of the relatively low forage content of the diets used.
Milk fat and protein percentages were relatively low in these studies, and the low fat percentages probably are related to the low fiber content of the diets. Thus, the effects of the different fats on ruminal cellulolytic activity were presumed to be intensified.
The observed effects of dietary fat apparently were due in part to increased efficiency of milk yield (3, 9) when higher proportions of fat were included in the diet. Kronfeld (9) calculated, and Brumby et al. (3) confirmed, that the optimal proportion of fat in the ration for optimal milk yield was 12 to 16% of total digestible energy. In our study, diets were isoenergetic, and added fat constituted between 7 to 15% of digestible calories. All of the lipid supplements tested in our experiment enhanced FCM yield except for cottonseed and fatty acids fed together. The increase in FCM was due to increases in milk, fat yield, or both, and this effect was different in early and midlactation. No differences were observed between first or subsequent lactations for FCM yield. The second effect of dietary fat may be on energy available through ruminal fermentation. Whole cottonseed had an effect that was different from its components (fat, meal, and hulls), and the fat fed as cottonseed did not cause marked changes in VFA in the rumen. This suggests that cottonseed fat may be released slowly in the rumen or, alternatively, leave the rumen still enclosed within the seed. This may explain why cottonseed markedly enhanced fat percentage. Cottonseed had a positive effect on milk fat and on FCM yield but less effect on milk yield than the other forms of fat.
Addition of fat to cottonseed in diets caused some negative effects on ruminal fermentation and did not further enhance yield as was found when CSFA were added to rations containing cottonseed (14) . Cottonseed has been shown to increase rumen acetate, reduce propionate (8) , and decrease milk protein percentage (19) . Additional fat with cottonseed caused depression in milk protein percentage. This effect was not found with the other forms of fat examined in these studies.
The CSFA appeared not to affect ruminal fermentation as has been reported (4, 14) , and the enhanced milk and fat yields presumably were due to extraruminal effects. Dietary CSFA enhanced both milk and fat yields, particularly in early lactation, and these effects decreased with time after calving, ceasing to be significant at 120 to 150 DIM. The yield of FCM was enhanced somewhat longer.
Inclusion of fatty acids in the diet enhanced milk yield, but not fat percentage, probably because of ruminal fermentation effects on VFA. The increased milk yield appeared to be due to extraruminal effects. However, the effect of fat was more apparent after 150 DIM. This could be attributed to a more profound influence of fat on ruminal fermentation before DMI reached a maximum because of a fat by rate of solids turnover interaction or to an increased postruminal influence of fat after midlactation. The latter, however, was not found with CSFA, possibly suggesting different mechanisms of influence.
Inclusion of fat in rations of high yielding cows also can be used specifically to increase the energy intake, in particular, during negative energy balance. This was not the objective in our experiments, because isoenergetic diets were utilized, but fat inclusion would be expected to produce additional productive benefits.
In conclusion lipid supplements of up to 510 g1d enhanced FCM yield in high yielding cows fed low forage, and effects on milk and fat were determined by the type of supplement and time after calving.
